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Description 
Oxidation Resistant Single 
Crystal Superalloy Castings 




Technical Field 
5 This invention relates tfe^s ingle cryst ^J^castings 

having excellent oxidation resistance. 

Background Art 

T^t-oy- jj ^ ig ng^> rl ,2j2t > ^^ > ' ir T hl temperature sections of 
modern fgas turbine engij^es^g Bti other similar machines 

10 require an optimized combination of several properties, 
including mechanical properties as well as resistance to 
environmental degradation (oxidation and corrosion) . 
Superalloys, based on nickel, cobalt, or iron, often 
possess these desired properties and have found 

15 widespread use in industry. The term "superalloys" is 
used to denote the class of refractory modified nickel, 
cobalt or iron based metal alloys specifically developed 
for high temperature service. Generally speaking, 
superalloys with the highest temperature capability have 

20 a single crystal microstructure. In other words, the 

casting is of a single grain, and has no internal grain 
boundaries. Single crystal castings are described in 
U.S. Patent No. 4 , 2 09 , 34 8 to Duhl et al . , the contents 
of which are incorporated herein by reference. The Duhl 

25 et al. patent describes a single crystal superalloy 
casting having excellent mechanical properties and 
oxidation resistance. 

Many superalloys owe their- oxidation resistance to 
their ability to form a protective oxide film on the 

30 casting surface during use at elevated temperatures. 
The oxide film must be adherent in order for it to 
provide long term oxidation resistance. The most 
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protective films are generally considered to be aluminum 
oxide. 

The element sulfur has been shown to detrimentally 
affect the ability of oxide films to adhere to the 

5 casting surface. Accordingly, a significant effort has 
been directed into removing sulfur from the casting or 
immobilizing sulfur in the casting. However, the prior 
art methods for addressing the sulfur problem have not 
been entirely successful. Accordingly, what is still 

10 needed in the superalloy industry is a method for 
dealing with sulfur and for making single crystal 
superalloy castings having the required levels of 
mechanical strength and oxidation resistance. 

Summary Of The Invention 
15 This invention re lates to the discovery that the 

giggl e crystal nickeT^ ase superalloy castings 
containing small amounts of magnesium have excellent 
oxidation resistance. Single crystal castings according 
to this invention consist essentially of, by weight 
20 p ercent, 1-12 ch romium, 2-12 cobalt, 0-2.5 molybdenum, 
( ^10 tu ngsten%] o-8 rhenium^ . 5-13 tantalum, 0-2 
titanium, 4.5-6.5 aluminum, 0-0.5 hafnium, 0-0.1 carbon, 
5-200 parts per million magnesium, balance nickel. 

A specific composition within the most preferred 
25 range of compositions consists essentially of, by weight 
percent, 4.75-5.25 chromium, 9.5-10.5 cobalt, 5.6-6.2 
tungsten, 8.4-9 tantalum, 5.5-5.8 aluminum, 1.7-2.1 
molybdenum, 2.8-3.2 rhenium, 0.05-0.15 hafnium, 0-0.025 
carbon, 0.001-0.007 magnesium, remainder nickel. 
30 Single crystal castings in accordance with this 

invention have significantly improved oxidation y 
resistance compared to prior art castings, and in 
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particular, compared to castings having a similar 
composition but lacking magnesium. 

These and other features of the present invention 
will become apparent in light of the following 
o description of the best mode for carrying out the 
invention, and the drawings. 

Brief Description Of The Drawings 

Figure 1 is a schematic cross sectional view of a 
casting mold useful in making components in accordance 
10 with this invention. 

Figure 2 is a graph which shows the oxidation 
resistance of single crystal castings in accordance with 
this invention, as compared to castings which are not in 
accordance with the invention. 

15 Best Mode For Carrying Out The Invention 

Castings in accordance with the invention are made 
in the following manner. Master melts consisting 
essentially of, by weight percent, 1-12 chromium, 2-12 
cobalt, 0-2.5 molybdenum, 3-10 tungsten, 0-8 rhenium, 

20 2.5-13 tantalum, 0-2 titanium, 4.5-6.5 aluminum, 0-0.5 
hafnium, 0-0.1 carbon, balance nickel are made. The 
master melt is then processed to produce single crystal 
castings using standard single crystal casting 
techniques, except for the fact that the casting molds 

25 are slightly modified from conventional practice. In 
particular, the casting molds are modified such that 
magnesium is intentionally introduced into the molten 
metal alloy while it solidifies in the mold. The molds 
are specifically modified such that 5-200 parts per 

30 million of magnesium are introduced into the casting as 
a result of a controlled reaction of the molten alloy 
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with a magnesium bearing ceramic material in the mold. 

Figure 1 illustrates a casting shell mold 10 useful 
in carrying out the invention. The mold is made from a 
fugitive pattern (not shown) , such as a wax pattern, 
4 that is alternately dipped in a ceramic slurry, stuccoed 
with ceramic particles and then dried in repeated 
fashion to build a shell mold about the pattern. The 
combination of the first layer of slurry and the first 
layer of stucco produces a face coat 15. The face coat 
10 15 is backed by additional zircon and/or alumina 
containing layers of slurry and stucco 25, 30, 
respectively, in a manner typical of shell mold 
production. (Even though Figure 1 shows only two backup 
layers 25, 30, several more backup layers may be used, 
15 depending on the specific casting process utilized and 
the design of the desired casting-) The mold of this 
invention utilizes a magnesium bearing ceramic material, 
such as magnesia, in face coat 15. Between the backup 
layers 25, 30 and the face coat layer 15 is a barrier 
20 layer 20 comprised of alumina. 

During the casting process, while molten metal is 
solidifying within the mold 10, the magnesium bearing 
material in the face coat 15 undergoes a reduction 
reaction to produce magnesium f which combines with the 
25 metal alloy in the mold. Tests have shown that such 

enrichment of the alloy with magnesium has a significant 
effect on the oxidation resistance of the resultant 
single crystal castings, as shown in Figure 2. The 
samples whose performance are shown in Figure 2 were 
30 tested in conventional cyclic oxidation tests at 1,150°C 
(2,100*F). One set of samples was cast into a mold 
intentionally containing magnesium bearing materials (in 
the form of a magnesia bearing face coat) ; the other set 
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10 



of samples of like composition was cast into a mold 
which did not intentionally contain any magnesium 
bearing materials. The performance of the latter group 
of samples is considered typical of the prior art. It 
is apparent from Figure 2 that the single crystal 
castings of this invention have markedly superior 
oxidation resistance compared to the prior art 
specimens. 

The following table sets forth the composition 
ranges of nickel base superalloy castings in accordance 
with this invention. 



Composition Range (Weigh t Percent) 



Element 



15 



Chromium 
Cobalt 




Molybdenum 



^ Tungsten 
^Rhenxum 



Titanium 




Preferred 
13.5-11.5 j 



Most 

Preferred 



3.75-6.25 



3,5-11.5-1 



8.5-11.5 



f 3-7.2 1 



Hafnium 



2b 



Carbon 
Magnesium 

Nickel 



E 4. 5-6. 5 -7 
0-0.5 — 





( 4 . 6-7T2 HKT 



| 0-0.25 



0.01-0.25 



5 — 



0-0.05 
0.0010- 
0.0100 
Remainder 



0-0.025 
0.0010- 
0.0070 
Remainder 



spe cific comp 



30 



range of compos itio, 
9.5-10.5 cobja. _ 
5.5-5.8 aluminum, 1.7 
0.05-0.15 hafnium, 0-0.025 carbon, 



itiok within the most preferred 

4.75-5.25 chromium, 
4—9 - 0 tantalum. 
,(^2^ &^3^ 2 rhen; 



is— as — feilpws: 




0.001-0.007 

magnesium, remainder nickel. Single crystal castings 
having such composition have exhibited excellent 
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oxidation resistance in conditions which simulate the 
turbine section of advanced gas turbine engines. 

The best improvements in oxidation resistance are 
achieved when the single crystal castings contain 
5 magnesium in the range of 0.0005-0.0200 weight percent; 
however, additions of calcium will also improve 
oxidation resistance. In particular, additions of 
calcium in an amount , by atomic percent, equivalent to 
0.0005-0.02 00 weight percent magnesium, are useful. 
10 Alternatively, up to 100% of the magnesium may be 

substituted for by an equal atomic percent of calcium. 

While additions of magnesium to the casting is best 
accomplished through the use of a magnesium bearing mold 
system, as described above it may also be accomplished 
15 by intentional additions of magnesium to the master 

melt. In order to make single crystal castings in this 
manner, the casting process needs to be modified so as 
to prevent excessive loss of such -magnesium in the 
j single „ crystal', casting process, to retain 0.0005-0.0200 
20/ percent magnesium in the-~f inished single crystal 
casting. m - — — 

Although . this invention "has been* shown and 
described with respect to detailed embodiments thereof, 
it will be understood by those skilled in the art that 
25 various changes in form and detail thereof may be made 
without departing from the spirit and scope of the 
claimed invention. 
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Claims 

We claim: 

1. A single crystal nickel base superalloy casting 
consisting essentially of, by weight percent, 1-12 
chromium, 2-12 cobalt, 0-2.5 molybdenum, 3-10 tungsten, 
0-8 rhenium, 2.5-13 tantalum, 0-2 titanium, 4.5-6.5 

5 aluminum, 0-0.5 hafnium, 0-0.1 carbon, 0.0005-0.0200 
magnesium, remainder nickel. 

2. A single crystal superalloy casting, consisting 
essentially, by weight percent, 3.5-11.5 chromium, 3.5- 
11.5 cobalt, 0-2-5 molybdenum, 3-7.2 tungsten, 0-4.2 
rhenium, 7.4-13 tantalum, 0-2 titanium, 4.5-6.5 

5 aluminum, 0-0.25 hafnium, 0-0.05 carbon, 0.0010-0.0100 
magnesium, remainder nickel. 

3. A single crystal superalloy casting consisting 
essentially of, by weight percent, 3.75-6.25 chromium, 
8.5-11.5 cobalt, 0.7-2.5 molybdenum, 4.6-7.2 tungsten, 
1.8-4.2 rhenium, 7.4-10 tantalum, 4.5-6.5 aluminum, 

5 0.01-0.25 hafnium, 0-0.025 carbon, 0.0025-0.0070 
magnesium, remainder nickel. 

4. A single crystal superalloy casting consisting 
essentially, by weight percent, 4.75-5.25 chromium, 9.5- 
10.5 cobalt, 5.6-6.2 tungsten, 8.4-9.0 tantalum, 5.5-5.8 
aluminum, 1.7-2.1 molybdenum, 2.8-3.2 rhenium, 0.05-0.15 

5 hafnium, 0-0.025 carbon, 0.001-0.007 magnesium, 
remainder nickel . 
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5- The casting of claim 1, wherein up to 100% of the 
magnesium is substituted for by an equal atomic percent 
of calcium. 

6. The casting of claim 2, wherein up to 100% of the 
magnesium is substituted for by an equal atomic percent 
of calcium. 

7. The casting of claim 3, wherein up to 100% of the 
magnesium is substituted for by an equal atomic percent 
of calcium. 

8. The casting of claim 4, wherein up to 100% of the 
magnesium is substituted for by an equal atomic percent 
of calcium. 



- 8 - 



BNSDOCID: <WO 932*683A1„L> 



WO 93/24683 



PCT/US93/03803 




1/2 



BNSDOCID: <WO 9324683A1_L> 




2/2 

BNSDOC1D: <WO 9324683A1 I > 



INTERNATIONAL SEARCH REPORT 

International Application Ho 



J. CLASSIFICATION OF SUBJECT MATTER (if aewal cUaarAcatlon aymbola eppl r . Indicate atll • 



PCT/US 93/03803 



According to International Patent CUeetficaOon (IPC) or to both National Ciaaelftcauon and IPC 

IPC 5 : C 30 B 29/52, C 22 C 19/05 



11. FIELDS SEARCHED 



Minimum Documentation Searched » 



Clai allocation Syatcm j 



Claecrfication Symbol* 



IPC* 



I C 30 B 29/00. C 30 B 21/00, C 30 B 11/00, 
I C 22 C 19/00 



Documentation Saarcnad attvtt than Minimum Documentation 
la tew Cnont that aueh Oocumanta ara Indvdad in Um FMas Saarcnad • 



111- DOCUMENTS CONSIDERED TO BE RELEVANT' 



CaUppfy* | Citation ei Oocumant. " with Indication, wtvf appro prtata. ot tho cotoaant poaaapaa ' 



X 



EP, Al, 0 413 439 

(CANNON-MUSKEGON CORPORATION) 
20 February 1991 (20.02.91), 
claims. 

EP, Al, 0 032 812 

(CANNON-MUSKEGON CORPORATION) 
29 July 1981 (29.07.81), 
claims . 

EP. Al. 0 052 911 

(CANNON-MUSKEGON CORPORATION) 
02 June 1982 (02.06.82). 
claims . 



R«W»«nt to Claim No. " 



1-4 



1-4 



* Special categoriec of cited document a: *• 

"A" document defining general etete of the art which la not 

considered to b« of o articular relevance 
"E" eartier document but published on of attar tha international 

filing data 

*L* documant which mar throw doubte on priority ciaim(«) or 
which It chad to attabueh tha publication data ot another 
citation or othar special raa aon (at epecified) 

•O" documant referring to on oral dtedoeure. uae. exhibition or 
othar means 

"P* documant published orior to tha International filing; data but 
Utar than tha priority data claimed 



"T" later document pubtlahod attar tha Inter national filing data 
or priority data and not in conflict with the appUcaition but 
chad to understand tha principle or theory underlying the 
Invention 

•X* document of parti cuter relevance: tha claimed invention 
cannot be conaldered novel or cannot be conaidered to 
Involve on inventive *tap 

HT document of particular relevance;' tha cialmed Invention 
cannot be conaldered to Involve en Inventive etep when the 
document la combined with one or more other euch docu* 
meni a. euch combination being obviove to e per aon a kitted 
In the on, 

document member of the aeme patent family 



IV. CCftTIFICATtOH 



Date of the Actual Completion ot the international Search 



08 July 1993 



International Searching Authority 

. EUROPEAN PATENT OFFICE 



Date of Mailing of thla International Search Report 

?& 08. 



Signature ot AuthorUed Officer 

PAMMINGER e.h, 



form PCT/1S A/710 feecood eheef) (January IMS) 



BNSDOCIO: <WO 93246B3A1_I_> 



run civics 

zub international en Recherchen- 
bericht uber die Internationale 
Patentanmeldung Nr. 



to the International Search 
Report to the International 
Application No. 



Patent 



ANNEXE 

au rapport de recherche inter- \ 
national relatif A la deoande de brevet 
international n f 



PCT/US 93/03003 SAE 73739 



In diesem Anhang sind die llitglieder 
der Patenttanilien der in obenge- 
nannten international en Recherchenbericht 
angefuhrten Patentdakuaente angegeben. 
Diese Angaben dienen nur 2ur Unter- 
richtung und erfolgen ohne 6e«ahr. 



This Annex lists the patent faaily 
aeobers relating to the patent docusents 
cited in the above-aentioned inter- 
national search report. The Office is 
in no nay liable for these particulars 
which are Given oerely for the purpose 
of inf croat ion. 



La present e annexe indique les 
nesbres de la f aioille de brevets 
relatifs aux docuaents de brevets cites 
dans le rapport de recherche inter- 
national visee ci-dessus. Les reseigne- 
nents fournis sont donnes A titre indica- 
tif et n'engagent pas la responsibility 
de V Office. 



In Recherchenbericht 
angefuhrtes Patent do kuaent 
Patent docuaent cited 
in search report 
Docuaent de brevet cite 



Datum der 
Veroffentlichung 
Publication 
date 
Date de 



Mitolied(er) der 
Paten tfa/ai lie 
Patent faaily 
aeflber(s) 
Meflbre(s) de la 
faaille de brevets 



Datufi der 
Veroffentlichung 
Publication 

date 
Date de 
publication 



EP 


Al 


413439 


20-02-91 


IL 
JP 
US 


AO 
A2 
A 


94360 
3097822 
5069873 


10-03-91 
23-04-91 
03-12-91 




EP 


Al 


32812 


29-07-81 


DE 
EP 
JP 
JP 
US 


CO 
Bl 
A2 
B4 
A 


3162552 
32812 
56108852 
61046539 

4461659 


19-04-84 

14- 03-84 
28-08-81 

15- 10-86 
24-07-84 





EP Al 



52911 



02-06-82 



DE CO 
EP Bl 
IL AO 
IL Al 
JP A2 
JP B4 
US A 



3172291 
52911 
64322 
64322 
57089451 
61040024 
4582548 



24-10-85 
18-09-85 
28-02-82 
31-10-B4 
03-06-82 
06-09-86 
15-04-86 



